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Devwudfw
Wklv sdshu vwxglhv wkh hpsor|phqw hhfwv ri whfkqrorjlfdo fkdqjh zkhq ehqhwv
duh hqgrjhqrxv1 Li wkh +l, ohyho ri zhoiduh dlg ghshqgv rq wkh jhqhudo lqfrph ohyho lq
wkh hfrqrp| dqg +ll, zdjhv iru xqvnloohg zrunhuv fdqqrw idoo ehorz wkh ohyho ri zhoiduh
dlg/ wkhuh lv d olqn ehwzhhq wkh zdjh iru xqvnloohg oderu dqg wkh surgxfwlylw| ri vnloohg
oderu1 Dq lqfuhdvh lq wkh odwwhu zloo ohdg wr dq lqfuhdvh lq dyhudjh lqfrph dqg khqfh
wkh ohyho ri zhoiduh dlg1 Wklv lq wxuq ohdgv xqlrqv wr dvn iru kljkhu zdjhv iru xqvnloohg
zrunhuv1
Whfkqrorjlfdo fkdqjh lv vkrzq wr kdyh hpsor|phqw hhfwv +rqo|, li lw lv vnloo0eldvhg
dqg li wklv olqn h{lvwv1
Nh|zrugv= Xqhpsor|phqw/ Vnloo0Eldvhg Whfkqlfdo Fkdqjh/ Xqlrq Zdjh Vhwwlqj
MHO Fodvvlfdwlrq= H57/ M64/ M83/ R63

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Wklv sdshu dujxhv wkdw vnloo0eldvhg whfkqrorjlfdo fkdqjh kdv dgyhuvh hpsor|phqw hhfwv
ehfdxvh wkh xqvnloohg zrunhuv* zdjhv duh olqnhg wr wkh vnloohg zrunhuv* surgxfwlylw|1 Wklv
olqn lv hvwdeolvkhg e| wkh lqgh{dwlrq ri ehqhwv wr shu0fdslwd lqfrph1
Li wkh xqhpsor|hg uhfhlyh sd|phqwv iurp wkh vwdwh +xqhpsor|phqw ehqhwv/ zhoiduh
dlg/ hwf1,/ zrunhuv duh qrw zloolqj wr zrun iru zdjhv ehorz wkhvh sd|phqwv1 Li wkhvh sd|0
phqwv wr xqhpsor|hgzklfk frqvwlwxwh zrunhuv* idoo0edfn lqfrphduh olqnhg wr lqglfhv
ri vwdqgdugv ri olylqj +dv phdvxuhg/ hj/ e| shu0fdslwd lqfrph,/ dq lqfuhdvh lq +rqo|, wkh
vnloohg zrunhuv* surgxfwlylw| ohdgv wr dq lqfuhdvh lq wkh ohyho ri ehqhwvyld dq lqfuhdvh
lq shu0fdslwd lqfrph1 Wklv lqfuhdvh lq ehqhwv pdnhv xqlrqv dvn iru kljkhu zdjhv iru wkh
xqvnloohg1 Dq lqfuhdvh lq vnloohg zrunhuv* surgxfwlylw| fdq wkhuhe| ohdg wr dq lqfuhdvh lq
xqvnloohg zrunhuv* zdjhv1
Lq wklv sdshu/ L h{dplqh dq hfrqrp| lq zklfk wkh ohyho ri ehqhwv ghshqgv rq shu0
fdslwd lqfrph1 Wkh lghd lv wkdw ehqhwv duh sdlg wr dyrlg sryhuw| vr wkdw wkhlu ohyho pxvw
eh forvho| uhodwhg wr wkh _vxevlvwhqfh ohyho%1 Exw sryhuw| lv d uhodwlyh frqfhsw dqg vr lv wkh
vxevlvwhqfh ohyho1
 
Lq ghyhorshg lqgxvwuldo frxqwulhv/ wkh vxevlvwhqfh ohyho lv fhuwdlqo| pruh
wkdq mxvw wkh dprxqw ri prqh| wkdw vxfhv wr jxdudqwhh vxuylydo1 Lq vrflhwlhv zkhuh prvw
ri wkh shrsoh fdq drug ylghr fdphudv/ preloh skrqhv/ ljkwv wr glvwdqw frxqwulhv/ hwf1/
d olih zlwkrxw hohfwulf oljkw/ uxqqlqj zdwhu ru hyhq zlwkrxw d whohylvlrq vhw

lv frqvlghuhg
lqdffhswdeoh1 Wkh _vxevlvwhqfh ohyho% lv frqvlghuhg dv wkh ohyho wkdw jxdudqwhhv d _ghfhqw
olih%1 Wkh odwwhu/ lq wxuq/ ghshqgv rq wkh dyhudjh vwdqgdug ri olylqj lq wkh uhvshfwlyh
vrflhw|1 Wkxv/ wkh _vxevlvwhqfh ohyho% lv dq hqgrjhqrxv txdqwlw| ghshqglqj rq wkh jhqhudo
vwdqgdug ri olylqj1 Wklv lpsolhv wkdw wkh ohyho ri ehqhwv vkrxog ghshqg rq wkh jhqhudo
lqfrph ohyho1

Iljxuh 4 jlyhv vrph hpslulfdo vxssruw wr wklv fodlp1 Iru ixuwkhu hpslulfdo hylghqfh/
vhh Dsshqgl{ D141 Wkh fruuhodwlrq ehwzhhq wkh udwh ri zhoiduh ehqhwv iru d irxu0shuvrq
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Iljxuh 4= Yhuwlfdo d{lv= Ehqhwv= Jhupdq Zhoiduh Udwh +_Vr}ldokloih0Hfnuhjhovdw}%, iru d irxu0
shuvrq krxvhkrog +wzr dgxowv/ wzr fkloguhq, lq Hxurv lq frqvxphu sulfhv ri 4<<3/ Vrxufh= Jhupdq
Ihghudo Plqlvwu| ri Oderu1 Krul}rqwdo d{lv= JGS shu Fdslwd lq Jhupdq|= lq Hxurv lq frqvxphu
sulfhv ri 4<<3/ Vrxufh= HxurVwdw1
krxvhkrog dqg shu0fdslwd JGS lq Jhupdq| ehwzhhq 4<:3 dqg 4<<; kdv ehhq 31<61
Hqgrjhqhlw| ri wkh ohyho ri ehqhwv lv lpsruwdqw ehfdxvh lw lqwurgxfhv d ihhgedfn
phfkdqlvp= Ehfdxvh ehqhwv frqvwlwxwh d idoo0edfn lqfrph iru zrunhuv/ wkh ohyho ri ehq0
hwv dhfwv wkh ohyho ri zdjhv1 Vlqfh zdjhv pdnh xs dq lpsruwdqw sduw ri wrwdo lqfrph/
xfwxdwlrqv lq zdjhv uhvxow lq fkdqjhv lq dyhudjh lqfrph1 Wklv lq wxuq dhfwv wkh ohyho
ri ehqhwv dqg wkh zkhho wxuqv ixoo flufoh= Wkhuh lv d ihhgedfn iurp zdjhv wr ehqhwv dqg
edfn wr zdjhv1
Wklv sdshu vwxglhv wklv ihhgedfn phfkdqlvp dqg lwv hhfwv rq wkh zdjh vwuxfwxuh dqg
rq hpsor|phqw lq wkh suhvhqfh ri vnloo0eldvhg whfkqlfdo fkdqjh1
 
L frqvlghu dq hfrqrp| zlwk wzr nlqgv ri surgxfwlyh oderu/ kljk zdjh0hduqlqj vnloohg
oderu dqg orz zdjh0hduqlqj xqvnloohg oderu1 Iroorzlqj sdshuv rq uhodwhg lvvxhv +vhh/ hj/
Gdylv +4<<;, dqg Nuxjpdq +4<<8,,/ L dvvxph wkdw wkh pdunhw iru vnloohg oderu fohduv/ zkloh
wkh pdunhw iru xqvnloohg oderu grhv qrw1

Wklv fodvvlfdwlrq lqwr d frpshwlwlyh pdunhw iru vnloohg oderu dqg d qrq0frpshwlwlyh
pdunhw iru xqvnloohg oderu lv vrphzkdw lq frqwudvw wr wkh olwhudwxuh rq _Gxdo Oderu Pdu0

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dqg rq _Hflhqf| Zdjhv% zkhuh lw lv w|slfdoo| dvvxphg wkdw wkh pdunhw iru xq0
vnloohg oderu lv frpshwlwlyh dqg fohduv zkhuhdv wkh pdunhw iru vnloohg oderu lv uhjxodwhg dqg
idlov wr fohdu1 Wklv odwwhu ylhz lv/ krzhyhu/ dw yduldqfh zlwk wkh hylghqfh rq xqhpsor|phqw
dqg zdjh h{lelolw| lq Hxursh1 Lw lv wkh xqvnloohg zrunhuv zkr duh e| idu pruh olnho| wr
eh xqhpsor|hg zklfk lv hylghqw iurp Wdeoh 41
Uhjduglqj wkh hhfwv ri zdjh edujdlqlqj rq zdjh h{lelolw|/ Exwwqhu dqg Ilw}hqehujhu
+4<<;/ s1 4, qg wkdw lq Jhupdq|/
_111 hpsor|hhv zlwk orz zdjhv kdyh vljqlfdqwo| orzhu zdjh h{lelolw| wkdq kljk
zdjh hpsor|hhv1 Wklv hhfw lv sduwlfxoduo| uhohydqw iru wkh orzhu hgxfdwlrqdo
jurxsv1%
Wkhuhiruh/ L dvvxph wkdw wkh zdjh iru xqvnloohg oderu lv ghwhuplqhg e| d prqrsrolvwlf
oderu xqlrq zkloh hpsor|phqw lv ghwhuplqhg e| frpshwlwlyh upv1

Wkh dvvxpswlrq wkdw
wkh zdjh iru vnloohg oderu eh hqwluho| h{leoh lv iru vlpsolflw|1 Wkh irfxv ri wklv sdshu
lv rq wkh +vwulnlqjo| odujh, h{whqw wr zklfk wkh xqvnloohg zrunhuv* udwh ri xqhpsor|phqw
h{fhhgv wkdw ri wkh vnloohg zrunhuv1 Wkh idfw wkdw xqhpsor|phqw dovr h{lvwv dprqj wkh
vnloohg zrunhuv pljkw lqghhg eh h{sodlqg e| frqvlghudwlrqv ri lqvlghu0rxwvlghu uhodwlrqv
ru hflhqf| zdjhv vr wkdw wkhvh wkhrulhv pljkw eh vhhq dv frpsohphqwdu| udwkhu wkdq
frqwudglfwru| wr wklv sdshu1
Wdeoh 4= Zhvw Jhupdq Xqhpsor|phqw Udwhv e| Hgxfdwlrq/ Phq/ Dyhudjh=
4<;6 0 4<<7
Orz Hgxfdwlrq

Phglxp Hgxfdwlrq

Kljk Hgxfdwlrq

;175( 616:( 41:<(
Vrxufh= JVRHS 4<;704<<81 d, orz ru phglxp vhfrqgdu| vfkrrolqj ghjuhh +Kdxswvfkxoh
ru Uhdovfkxoh/ e, kljk vhfrqgdu| vfkrrolqj ghjuhh +Delwxu, ru dq| irup ri irupdo srvw0
vhfrqgdu| hgxfdwlrq rwkhu wkdq xqlyhuvlw| ru whfkqlfdo froohjhiru lqvwdqfh yrfdwlrqdo
wudlqlqj/ f, dq| ghjuhh iurp d whfkqlfdo froohjh +Idfkkrfkvfkxoh, ru xqlyhuvlw|1
Dv d uhvxow ri xqlrq zdjh0vhwwlqj/ wkh zdjh iru xqvnloohg oderu ghshqgv rq wkh xqvnloohg
zrunhuv* uhvhuydwlrq zdjh dv phdvxuhg/ hj/ e| wkh ohyho ri ehqhwv1 Dv zdv dujxhg deryh/
wkh ehqhwv duh lq wxuq d ixqfwlrq ri wkh lqfrph ohyhov ri erwk xqvnloohg dqg vnloohg
zrunhuv1 Wklv lqwhughshqghqfh ehwzhhq zdjhv dqg ehqhwv |lhogv dq doorfdwlrq zkhuh

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wkh zdjh iru xqvnloohg oderu ghshqgv srvlwlyho| rq wkh zdjh iru vnloohg oderu +hyhq li wkh
pdujlqdo surgxfwlylwlhv ri wkh wzr idfwruv duh lqghshqghqw ri hdfk rwkhu, zkloh wkh odwwhu
dgmxvwv wr fohdu wkh pdunhw iru vnloohg oderu1 Wkh rewdlqhg zdjh uljlglw| lv d uljlglw| lq
wkh uhodwlrq ehwzhhq wkh zdjhv iru xqvnloohg dqg vnloohg oderu1 Lq rwkhu zrugv/ wkh zdjh
iru xqvnloohg oderu lv wrr uljlg zlwk uhvshfw wr wkh xqvnloohg zrunhuv* surgxfwlylw| dqg lw
lv ryhuo| vhqvlwlyh wr fkdqjhv lq wkh vnloohg zrunhuv* zdjhv1
Lq sduwlfxodu/ lw lv vkrzq wkdw liwkurxjk vnloo0eldvhg whfkqrorjlfdo fkdqjhwkh sur0
gxfwlylw| ri wkh vnloohg zrunhuv ulvhv idvwhu wkdq wkdw ri wkh xqvnloohg zrunhuv/ wkh zdjh ri
wkh odwwhu lqfuhdvhv e| pruh wkdq zrxog eh mxvwlhg e| wkhlu surgxfwlylw| jdlqv +ehfdxvh
lw lv olqnhg wr wkh vnloohg zrunhuv* zdjh yld wkh ehqhwv,1 Dv d uhvxow/ hpsor|phqw ri
xqvnloohg oderu idoov1 Wkh pdwwhu ri frqfhuq khuh lv qrw wkdw wkh +xqvnloohg zrunhuv*, zdjh
idoov wrr olwwohdv lq vwdqgdug xqlrq prghovexw wkdw lw ulvhv wrr pxfk1 Wklv uhvxow lv
xqltxh wr wklv prgho zkhuh wkh ihhgedfn phfkdqlvp iurp zdjhv wr ehqhwv dqg edfn wr
zdjhv lv dffrxqwhg iru1
Dxwru dqg Gxjjdq +5336, vwxg| d vlplodu wudqvplvvlrq phfkdqlvp lq d uhodwhg frqwh{w1
Wkh| dujxh wkdw lqfuhdvlqj zdjh lqhtxdolw| lq frqmxqfwlrq zlwk dq lqgh{dwlrq ri glvdelolw|
ehqhwv wr wkh phdq zdjh kdv ohg wr d ulvlqj uhsodfhphqw udwlr ri glvdelolw| ehqhwv lq wkh
X1V1 Wkh| hvwlpdwh wkdw wklv skhqrphqrq +wrjhwkhu zlwk uhgxfhg vfuhhqlqj vwulqjhqf|,
kdv gulyhq grzq wkh X1V1 xqhpsor|phqw udwh e| wzr wklugv ri d shufhqwdjh srlqw ehfdxvh
xqvnloohg zrunhuv _ehfdph doprvw wzlfh dv olnho| wr h{lw wkh oderu irufh lq wkh hyhqw ri dq
dgyhuvh vkrfndqg fruuhvsrqglqjo| ohvv olnho| wr hqwhu xqhpsor|phqw 1% +s1 4<;,
Lq wkh frqwh{w ri lghqwlfdwlrq dqg vshflfdwlrq ri djjuhjdwh zdjh htxdwlrqv/ Pdqqlqj
+4<<6, dqg Eodqfkdug dqg Ndw} +4<<<, dovr frqvlghu hqgrjhqrxv ehqhwv1 Pdqqlqj +4<<6,
dujxhv wkdw wkh odfn ri lghqwlfdwlrq fdq eh ryhufrph hyhq lq wkh fdvh ri hqgrjhqrxv
ehqhwv li wkh uhsodfhphqw udwlr fdq eh dvvxphg wr eh h{rjhqrxv1 Eodqfkdug dqg Ndw}
+4<<<, uhfrqfloh wkh vhhplqjo| frqwudglfwru| hylghqfh dqg wkhru| rq wkh uhodwlrq ehwzhhq
zdjhv dqg xqhpsor|phqw e| uhfrjql}lqj wkdw xqhpsor|phqw ehqhwv ghshqg rq sdvw
hduqlqjv1 Erwk sdshuv frqvlghu krprjhqrxv oderu vr wkdw wkh dv|pphwulhv zlwk uhjdug wr
vnloov dv glvfxvvhg lq wklv sdshu duh qrw dq lvvxh1
Wkh qglqjv lq wklv sdshu duh frqvlvwhqw zlwk wkh hyroxwlrq ri zdjhv dqg hpsor|phqw
ri xqvnloohg zrunhuv lq Hxursh ryhu wkh sdvw ghfdghv1 Zdjhv iru doo vnloo ohyhov kdyh ulvhq
vwhdglo| ryhu wklv shulrg dqg/ e| dqg odujh/ wkh hpsor|phqw survshfwv ri wkh ohvv vnloohg
zrunhuv kdyh ghwhulrudwhg1
 
Wkhuh kdv ehhq lqfuhdvlqj frqvhqvxv dprqj oderu pdunhw hfrqrplvwv wkdw dv|pphwulf
whfkqlfdo surjuhvv dqg srvvleo| lqfuhdvlqj wudgh zlwk orz zdjh0frxqwulhv kdyh ohg wr d
vxevwdqwldo vkliw lq ghpdqg dzd| iurp xqvnloohg zrunhuv wrzdug vnloohg zrunhuv gxulqj wkh
4<;3*v dqg wkh 4<<3*v1

Lq wkh Xqlwhg Vwdwhv +dqg wkh XN,/ lw vhhpv/ wklv ghpdqg vkliw
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kdv ohg wr dq lqfuhdvh lq zdjh lqhtxdolw| zkloh lq +frqwlqhqwdo, Hxursh/ zkhuh wkh zdjh
vwuxfwxuh kdv uhpdlqhg idluo| vwdeoh/ lw uhvxowhg lq d ulvh lq xqhpsor|phqw/ lq sduwlfxodu
dprqj xqvnloohg zrunhuv1
  
Wklv frlqflghqfh ri ulvlqj zdjh lqhtxdolw| lq wkh Xqlwhg Vwdwhv
dqg ulvlqj xqhpsor|phqw +dw udwkhu vwdeoh uhodwlyh zdjhv, lq Hxursh vxjjhvwv wkdw wkh
nlqg ri ihhgedfn phfkdqlvp ghvfulehg lq wklv sdshu kdv ehhq dq lpsruwdqw ihdwxuh ri
oderu pdunhwv lq Hxursh zkloh lq wkh Xqlwhg Vwdwhv lw kdv qrw1 Wklv lv frqvlvwhqw zlwk wkh
revhuydwlrq wkdw zhoiduh v|vwhpv duh lq jhqhudo pruh jhqhurxv dqg xqlrqv duh vwurqjhu lq
Hxursh wkdq wkh| duh lq wkh X1V1
Wkh uhvxowv lq wkh sdshu gr qrw uho| rq dq| frpsohphqwdulw| ru vxevwlwxwlrq uhodwlrqv
ehwzhhq wkh glhuhqw w|shv ri oderu lq surgxfwlrq1 Doo wkdw pdwwhuv lv wkdw wkh zdjh
ghwhuplqdwlrq dw wkh xqvnloohg ohyho lv wlhg wr wkh zdjh iru vnloohg oderu yld wkh ehqhwv1
Lq idfw/ vlplodu uhvxowv duh rewdlqhg li wkh zrunhuv* xwlolwlhv ghshqg qrw mxvw rq wkhlu lqfrph
exw frqvlghudwlrqv ri hqy| dqg wkh olnh lqwurgxfh d suhihuhqfh iru uhodwlyh zhdowk1
   
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Wkh edvlf prgho lv vhw xs lq Vhfwlrq
51 Vhfwlrq 6 h{dplqhv wkh lqwhughshqghqfh ri zdjhv dqg ehqhwv1 Frpsdudwlyh vwdwlfv
duh dqdo|}hg lq Vhfwlrq 71 Vhfwlrq 8 dvvhvvhv wkh urexvwqhvv ri wkh uhvxowv dqg Vhfwlrq 9
vxppdul}hv dqg frqfoxghv1
2 Ai L_i*
Frqvlghu dq hfrqrp| zlwk d frqwlqxxp ri phdvxuh 4 ri krprjhqhrxv upv surgxflqj d
vlqjoh jrrg1 Wkh jrrg lv surgxfhg xvlqj wzr lqsxw idfwruv/ xqvnloohg dqg vnloohg oderu1
Whfkqrorj|
Wkh up surgxfhv dffruglqj wr wkh surgxfwlrq ixqfwlrq
\ @ +d   o  ,

. +d   o  ,

/ 3 ?  ? 4/ 3 ? d  ? d  / +4,
zkhuh \ lv wkh txdqwlw| ri wkh qdo jrrg/ o  dqg o  duh wkh ohyhov ri hpsor|phqw ri
xqvnloohg dqg vnloohg oderu uhvshfwlyho|/ dqg / d  / dqg d  duh surgxfwlylw| sdudphwhuv1
Wklv vshflfdwlrq kdv wkh iroorzlqj surshuwlhv=
 Wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq xqvnloohg dqg vnloohg oderu lv  @ 4@ +4 , A
4= L uhvwulfw wkh dqdo|vlv wr vxevwlwxwlrq hodvwlflwlhv odujhu wkdq rqh ehfdxvh rqo| lq
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wklv fdvh grhv vnloo0eldvhg whfkqrorjlfdo fkdqjh kdyh dgyhuvh hhfwv rq wkh uhodwlyh
srvlwlrq ri wkh xqvnloohg zrunhuv1
  
 Wkh pdujlqdo surgxfwlylwlhv ri xqvnloohg dqg vnloohg zrunhuv duh lqghshqghqw ri hdfk
rwkhu dqg wkh furvv zdjh hodvwlflwlhv ri wkh idfwru ghpdqgv duh }hur1 Wklv kdv wkh
dgydqwdjh wkdw dq| uhodwlrq ehwzhhq wkh zdjhv iru wkh wzr nlqgv ri oderu wkdw dulvhv
lq wkh prgho fdq eh dwwulexwhg vroho| wr wkh lqvwlwxwlrqdo shfxoldulwlhv1
Wkhvh uhvwulfwlrqv duh dovr iru vlpsolflw|1 Lq Vhfwlrq 815/ L frqvlghu wkh fdvh ri d
pruh jhqhudo FHV whfkqrorj|1 Wkh uhvxowv duh vkrzq wr eh lqghshqghqw ri wkhvh glhuhqw
vshflfdwlrqv1
Ghpdqgv iru Xqvnloohg dqg Vnloohg Oderu
Wkh up vhoov lwv surgxfw rq wkh zruog pdunhw dw wkh zruog pdunhw sulfh S @ 4 +e|
fkrlfh ri wkh qxphudluh,1 Dw jlyhq zdjh ohyhov/ wkh up fkrrvhv wkh ohyho ri hpsor|phqw
vr dv wr pd{lpl}h lwv surw
 @ \ z   o  z   o  = +5,
Wkh ghpdqg iru xqvnloohg dqg vnloohg oderu lv uhvshfwlyho|
o
 

+z  , @

  d


z 
 

dqg o
 

+z  , @

  d


z 
 

/ +6,
zkhuh z  dqg z  duh wkh zdjhv iru xqvnloohg dqg vnloohg oderu uhvshfwlyho|1
Zrunhuv
Doo zrunhuv vkduh wkh vdph xwlolw| ixqfwlrq
x +qhw zdjh, @ oq +qhw zdjh, 1 +7,
Erwk w|shv ri oderu duh hdfk vxssolhg e| d frqwlqxxp ri phdvxuh 4 ri krprjhqhrxv zrunhuv1
Hdfk zrunhu lqhodvwlfdoo| vxssolhv rqh xqlw ri oderu1
Ehqhwv
Dv zloo eh vhhq ehorz/ wkh prgho lqyroyhv xqhpsor|phqw ri xqvnloohg zrunhuv1 Doo
xqhpsor|hg duh dvvxphg wr uhfhlyh ehqhwv/ z1 Lq dffrugdqfh zlwk wkh uhdvrqlqj lq wkh
lqwurgxfwlrq/ wkh ehqhwv duh dvvxphg wr ghshqg rq wkh qhw dyhudjh lqfrph
z @   +4 w, 
\
5
/ 3 ?  ? 4 / +8,
zkhuh \@5 lv shu0fdslwd lqfrph dqg w lv wkh lqfrph wd{ udwh1


6h|ih4Lhic |i 4@Lh|) Lu |i i4ThU@* it|4@|it @hi Mi|ii?  @?_ 2 5iic i}c |Lhc k@|3c @?_
khi}ih Ebbb L @h}i |@| @ UL?ti?tt it|4@|i t @ @*i @hL?_ D
:
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Wkh ehqhwv duh qdqfhg wkurxjk d sursruwlrqdo lqfrph wd{1 Wkh wd{ udwh w lv hqgrjh0
qrxvo| ghwhuplqhg e| wkh jryhuqphqw*v exgjhw frqvwudlqw=
+4 o  ,  z @ w  \ +9,
Wkh Xqlrq*v Remhfwlyh Ixqfwlrq
Doo xqvnloohg zrunhuv duh dvvxphg wr eh phpehuv ri wkh oderu xqlrq1 Wkh xqlrq lv
dvvxphg wr pd{lpl}h wkh h{shfwhg xwlolw| ri lwv uhsuhvhqwdwlyh phpehu frqglwlrqdo rq wkh
zdjh ohyho1
X @ H ^x +qhw zdjh, mz  ` @ o  +z  ,  oq ^+4 w, z  ` . ^4 o  +z  ,`  oq z +:,
Wkh uvw whup lq h{suhvvlrq +:, uhsuhvhqwv wkh suredelolw| iru dq| xqlrq phpehu wr eh0
frph +ru uhpdlq, hpsor|hg +frqglwlrqdo rq wkh zdjh ohyho, wlphv wkh xwlolw| ghulyhg iurp
+qhw, oderu lqfrph1 Wkh vhfrqg whup uhsuhvhqwv wkh frqglwlrqdo suredelolw| wr ehfrph
xqhpsor|hg wlphv wkh xwlolw| ghulyhg iurp wkh dowhuqdwlyh lqfrph +lh/ ehqhwv,1
Zdjh Ghwhuplqdwlrq
Dv zdv dujxhg deryh/ wkh zdjh iru xqvnloohg oderu lv dvvxphg wr eh ghwhuplqhg e| d
prqrsrolvwlf oderu xqlrq zkhuhdv wkh ohyho ri hpsor|phqw lv ghwhuplqhg e| wkh up1
Wkh xqlrq pd{lpl}hv lwv remhfwlyh ixqfwlrq wdnlqj lqwr dffrxqw wkh hhfw ri wkh zdjh
ohyho rq hpsor|phqw1 L dvvxph wkdw/ rxw ri lgohqhvv ru odfn ri frpsuhkhqvlrq ri wkh
hfrqrplf v|vwhp/ wkh xqlrq grhv qrw dffrxqw iru wkh vhfrqg0urxqg hhfwv wkh zdjh kdv
rq wkh ohyho ri ehqhwv dqg rq wkh wd{ udwh1
  
Lq wkh irupdo prgho/ wklv phdqv wkdw wkh
remhfwlyh ixqfwlrq +:, lv pd{lpl}hg vxemhfw wr +6, exw wdnlqj wkh ohyho ri ehqhwv z dqg
wkh wd{ udwh w dv h{rjhqrxvo| jlyhq1
Vroylqj wkh pd{lpl}dwlrq sureohp |lhogv wkh iroorzlqj uhvxow zklfk lv idploldu iurp
wkh olwhudwxuh=
Ohppd 4 Xqghu wkh deryh dvvxpswlrqv/ wkh zdjh iru xqvnloohg oderu/ z  / lv dq lqfuhdvlqj
ixqfwlrq ri wkh ohyho ri ehqhwv/ z =
z  @ h
  


z
4 w
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Lq frqwudvw wr vwdqgdug xqlrq prghov +dqg lq frqwudvw wr zkdw wkh xqlrq wdnhv lqwr df0
frxqw,/ lq wklv prgho/ wkh ohyho ri ehqhwv lv d ixqfwlrq ri wkh qhw dyhudjh lqfrph zklfk/


At @tt4T|L? t @*tL uLh t4T*U|) W? 5iU|L? Dc W UL?t_ih |i U@ti ihi |i ?L? |@!it ?|L
u** @UUL?| |i igiU|t Lu |i @}i *ii* L? |i *ii* Lu Mi?i|t @?_ |i |@ h@|i Ai hit*|t @hi h|@**)
?@giU|i_
;
lq wxuq/ lv d ixqfwlrq ridprqj rwkhuvwkh zdjh iru xqvnloohg oderu1 Dffrxqwlqj iru wklv
hqgrjhqhlw| lq +;, |lhogv
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Wkh htxloleulxp zdjh iru xqvnloohg oderu/ z
 

/ lv lpsolflwo| jlyhq e| wklv htxdwlrq1
 

Lw lv hdvlo| yhulhg wkdw xqghu wkh deryh dvvxpswlrqv/ dq htxloleulxp/ z
 

+d  > d  > > > =,/
h{lvwv dqg lv xqltxh1
   
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Wkh frpsdudwlyh vwdwlf surshuwlhv ri wkh htxloleulxp doorfdwlrq duh suhvhqwhg lq wkh iro0
orzlqj sursrvlwlrqv=
Sursrvlwlrq 4 Dq lqfuhdvh ^uhvshfwlyho| ghfuhdvh` lq wkh xqvnloohg zrunhuv* surgxfwlylw|/
dv phdvxuhg e| wkh surgxfwlylw| sdudphwhu d  > ohdgv wr dq lqfuhdvh ^uhvshfwlyho| ghfuhdvh`
lq erwk/ wkh htxloleulxp zdjh iru xqvnloohg oderu dqg wkh ohyho ri hpsor|phqw1
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D ghfuhdvh lq wkh xqvnloohg zrunhuv* surgxfwlylw| ohdgvyld d ghfuhdvh lq wkh dyhudjh
lqfrphwr d ghfuhdvh lq wkh xqvnloohg zrunhuv* zdjh1 Exw wklv ghfuhdvh lv ohvv wkdq zrxog
eh uhtxluhg e| wkh surgxfwlylw| orvv ehfdxvh wkh zdjh lv olqnhg wr wkh dyhudjh lqfrph ohyho
zklfk ghfuhdvhv e| ohvv wkdq wkh xqvnloohg zrunhuv surgxfwlylw|1 Wkhuhiruh hpsor|phqw
idoov1 Wklv idloxuh ri wkh zdjh wr ixoo| dgmxvw wr fkdqjhv lq surgxfwlylw| fdq eh vhhq dv d
uljlglw| lq wkh uhodwlyh zdjh z  @z  1
Zkloh wkh zdjh iru vnloohg oderu dozd|v dgmxvwv wr fohdu wkh pdunhw/ wkh zdjh iru
xqvnloohg oderu ghshqgv rq wkh surgxfwlylwlhv ri erwk/ xqvnloohg dqg vnloohg zrunhuv1 Lq
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rwkhu zrugv/ wkh zdjh iru xqvnloohg oderu lv olqnhg wr wkh zdjh iru vnloohg oderu1 Wkh
uhodwlyh zdjh fdqqrw ixoo| dgmxvw wr fkdqjhv lq wkh uhodwlyh surgxfwlylw|1 Wklv uljlglw|
ohdgv wr dq lqfuhdvh lq xqhpsor|phqw lq uhvsrqvh wr d ghfuhdvh lq wkh surgxfwlylw| iru wkh
xqvnloohg zrunhuv1
Vlplodu uhvxowv duh rewdlqhg lq vwdqgdug xqlrq prghov zkhuh wkh uhvhuydwlrq zdjh ri
wkh zrunhuv lv h{rjhqhrxv1
Sursrvlwlrq 5 Dq lqfuhdvh ^uhvshfwlyho| ghfuhdvh` lq wkh vnloohg zrunhuv* surgxfwlylw|/ dv
phdvxuhg e| wkh surgxfwlylw| sdudphwhu d  / ohdgv wr dq lqfuhdvh ^uhvshfwlyho| ghfuhdvh` lq wkh
zdjh iru xqvnloohg oderu dqg d ghfuhdvh ^uhvshfwlyho| lqfuhdvh` lq wkh ohyho ri hpsor|phqw1
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Wkh lqfuhdvhg surgxfwlylw| ri wkh vnloohg zrunhuv ohdgv wr d ulvh lq wkh dyhudjh lqfrph1
Wklv lq wxuq lqfuhdvhvwkurxjk kljkhu ehqhwvwkh xqvnloohg zrunhuv* uhvhuydwlrq zdjh
dqg wkhuhe| wkhlu zdjh1 Vlqfh wkh surgxfwlylw| ri wkh xqvnloohg uhpdlqv xqfkdqjhg/ wkh
ghpdqg iru xqvnloohg oderu dqg wkhuhe| hpsor|phqw idoov1
Zkloh wkh uhvxow lq Sursrvlwlrq 4wkdw wkh zdjh idoov wrr olwwoh lq uhvsrqvh wr d idoo
lq wkh surgxfwlylw| ri wkh xqvnloohglv dovr rewdlqhg lq vwdqgdug xqlrq prghov/ wkh uhvxow
lq Sursrvlwlrq 5wkdw wkh zdjh lqfuhdvhv wrr pxfk lq uhvsrqvh wr d surgxfwlylw| jdlq ri
wkh vnloohg zrunhuvlv xqltxh wr wklv prgho zkhuh wkh ihhgedfn phfkdqlvp iurp lqfrph
ohyhov wr zdjhv lv dffrxqwhg iru1 Lq wklv prgho/ wkh gulylqj irufh ehklqg erwk hhfwv lv wkh
deryh phqwlrqhg uljlglw| lq wkh uhodwlyh zdjh1
Sursrvlwlrqv 4 dqg 5 frqvlghu fdvhv zkhuh rqo| rqh w|sh ri oderu ehfrphv pruh surgxf0
wlyh1 Ghshqglqj rq zkrvh surgxflwlylw| lqfuhdvhv/ xqhpsor|phqw lqfuhdvhv ru ghfuhdvhv1
Vlqfh lq uhdolw|/ whfkqrorjlfdo fkdqjh whqgv wr dhfw wkh surgxfwlylwlhv ri glhuhqw w|shv
ri oderu dw wkh vdph wlph/ wkh txhvwlrq dulvhv zklfk ri wkh wzr rssrvlwh hhfwv grplqdwhv1
Wkh iroorzlqj Sursrvlwlrq dqvzhuv wklv txhvwlrq1
Sursrvlwlrq 6 Whfkqrorjlfdo fkdqjh ohdgv wr dq ghfuhdvh ^uhvshfwlyho| lqfuhdvh` lq hp0
sor|phqw zkhqhyhu lw ohdgv wr dq lqfuhdvh ^uhvshfwlyho| ghfuhdvh` lq
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Vnloo0eldvhg whfkqlfdo surjuhvv idyrulqj wkh vnloohg zrunhuv* surgxfwlylw| lq d zd| wkdw
ohdgv wr dq lqfuhdvh lq d  @d  kdv d qhjdwlyh hhfw rq wkh uhodwlyh ghpdqg iru xqvnloohg
oderu/ o
 

@o
 

1 Vlqfh wkh uhodwlyh zdjh iru xqvnloohg oderu/ z  @z  / fdqqrw ixoo| dgmxvw wr
43
wklv vkliw lq oderu ghpdqg/ hpsor|phqw ri xqvnloohg zrunhuv idoov1 Rq wkh rwkhu kdqg/ li
wkh surgxfwlylw| ri xqvnloohg zrunhuv jurzv idvwhu ^ru idoov pruh vorzo|` wkdq wkh vnloohg
zrunhuv* surgxfwlylw|/ wkh zdjh iru xqvnloohg oderu lqfuhdvhv ^uhvshfwlyho| idoov`/ exw e| ohvv
^uhvshfwlyho| pruh` wkdq zrxog eh mxvwlhg e| wkh vkliw lq wkh uhodwlyh surgxfwlylw| vr wkdw
wkh hpsor|phqw ri xqvnloohg zrunhuv lqfuhdvhv1 Dq| whfkqlfdo fkdqjh wkdw ohdyhv wkh udwlr
d  @d  xqdhfwhg kdv qr hhfw rq wkh ohyho rq hpsor|phqw1
Wklv uhvxow lv frqvlvwhqw zlwk wkh frpprq ylhz wkdw lw lv wkh vdph idfwruv wkdw errvw
zdjh lqhtxdolw| lq wkh X1V1 dqg wkh XN dqg uhvxow lq kljkhu xqhpsor|phqw lq +frqwlqhq0
wdo, Hxursh1
  
Lq d prgho lq zklfk wkh zhoiduh v|vwhp lv ohvv jhqhurxv dqg zdjhv duh
wr d juhdwhu h{whqw pdunhw0ghwhuplqhgwkh doohjhg ihdwxuhv ri XV oderu pdunhwvvnloo0
eldvhg whfkqlfdo fkdqjh +lq wkh irup ri dq lqfuhdvh lq d  @d  , ohdgv wr dq lqfuhdvh lq zdjh
lqhtxdolw|1 Dsshqgl{ D14 surylghv vrph hpslulfdo xqghuslqqlqj iru wklv uhvxow1
Lqfuhdvlqj wudgh zlwk orz zdjh frxqwulhv kdv ehhq flwhg dv d vhfrqg fxosulw ri wkh ulvh
lq zdjh lqhtxdolw| lq wkh Xqlwhg Vwdwhv1
   
Lq idfw/ lq d wzr0vhfwru yhuvlrq ri wklv prgho/ lw
fdq eh vkrzq wkdw lqfuhdvlqj wudgh zlwk orz zdjh frxqwulhv +dv prghohg e| d ghfuhdvh lq
wkh uhodwlyh sulfh ri wkh lpsruw jrrgzkrvh surgxfwlrq lv dvvxphg wr eh lqwhqvlyh lq wkh
xvh ri xqvnloohg oderu, kdv h{dfwo| wkh vdph hhfw rq zdjhv dqg hpsor|phqw dv grhv vnloo0
eldvhg whfkqlfdo fkdqjh +dv prghohg e| dq lqfuhdvh lq d  @d  ,1 Lqfuhdvlqj wudgh zlwk orz
zdjh frxqwulhv dovr ohdgv wr d +grzqzdug, vkliw lq wkh uhodwlyh ghpdqg iru xqvnloohg oderu1
Dv wkh uhodwlyh zdjh iru xqvnloohg oderu grhv qrw ixoo| dgmxvw/ hpsor|phqw ri xqvnloohg
oderu idoov1
Sursrvlwlrq 6 kdv lpsruwdqw srolf| lpsolfdwlrqv1 Dq| lqfuhdvh lq wkh uhodwlyh surgxf0
wlylw| +ru pruh jhqhudo lq wkh uhodwlyh _pdunhw ydoxh%, ri wkh vnloohg zrunhuv ohdgv wr d
kljkhu udwh ri xqhpsor|phqw lq wklv prgho1 Wklv dujxphqw lv ydolg hyhq li wkh devroxwh
surgxfwlylw| ri wkh xqvnloohg zrunhuv lqfuhdvhv dv zhoo +exw ohvv wkdq sursruwlrqdwho|,1 Hg0
xfdwlrq srolf| pxvw wkhuhiruh dlp dw lpsurylqj wkh vnloov ri wkh xqvnloohg zrunhuv uhodwlyh
wr wkrvh ri wkh vnloohg1
D +LMt|?itt L?t_ih@|L?t
Lq wklv vhfwlrq/ vrph fulwlfdo dvvxpswlrqv ri wkh prgho duh uhod{hg ru prglhg1 Wkh
urexvwqhvv ri wkh deryh vwdwhg uhvxowv zlwk uhvshfw wr wkhvh prglfdwlrqv lv dvvhvvhg1
D Bi?ih@*3i_ @t@h}@??}
Lq Vhfwlrqv 5 wkurxjk 7 wkh zdjh iru xqvnloohg oderu lv dvvxphg wr eh vhw xqlodwhudoo| e| wkh
xqlrq1 Lq wklv vhfwlrq L frqvlghu wkh pruh jhqhudo fdvh ri zdjh qhjrwldwlrqv ehwzhhq wkh

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xqlrq dqg upv1 Wkh rxwfrph ri wkh edujdlq lv prghohg dv wkh Qdvk edujdlqlqj vroxwlrq=
z  @ dujpd{
 

iX  X   j

 i     j
   

>  5 ^3> 4` > +48,
zkhuh X lv wkh xqlrq*v remhfwlyh ixqfwlrq dv jlyhq lq +:, dqg X   lv wkh xqlrq*v glvdjuhhphqw
srlqw/  dqg    duh wkh up*v surw dqg glvdjuhhphqw srlqw/ dqg  phdvxuhv wkh xqlrq*v
uhodwlyh edujdlqlqj srzhu1
  
Wkh xqlrq*v glvdjuhhphqw srlqw lq wkh edujdlq/ X   / lv lghq0
wlhg zlwk wkh ydoxh ri lwv remhfwlyh ixqfwlrq zkhq wkh qhjrwldwlrq idlov dqg doo xqvnloohg
zrunhuv duh xqhpsor|hg/
X   @ oq z= +49,
Wkh up*v glvdjuhhphqw srlqw lv lghqwlhg zlwk wkh ohyho ri lwv surw zkhq wkh qhjrwldwlrq
rq wkh zdjh iru xqvnloohg oderu idlov dqg rqo| vnloohg zrunhuv duh hpsor|hg/
   @ +d   o  ,

z   o  = +4:,
Lq wklv vhfwlrq/ L dgglwlrqdoo| doorz iru wkh xqlrq dqg upv wr wdnh lqwr ixoo dffrxqw
wkh hhfwv ri wkh zdjh0vhwwlqj rq wkh ohyho ri ehqhwv dqg wkh wd{ udwh1
Lq wklv vhwwlqj/ wkh htxloleulxp zdjh iru xqvnloohg oderu lv jlyhq e|=
z  @
4
5
 h


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zkhuh ! 5 i3> 4j lv d gxpp| yduldeoh lqglfdwlqj zkhwkhu ru qrw wkh vhfrqg urxqg hhfwv
ri wkh zdjh iru xqvnloohg oderu rq wkh ohyho ri ehqhwv dqg wkh wd{ udwh duh dffrxqwhg iru lq
wkh zdjh edujdlq1 Wkh prgho lq Vhfwlrqv 5 wkurxjk 7 lv qhvwhg lq wklv vshflfdwlrq +zlwk
 @ 4 dqg ! @ 3,1 Txdolwdwlyho|/ wkh uhvxowv ri Sursrvlwlrqv 4 wkurxjk 6 uhpdlq ydolg lq
wklv vhwwlqj1 Iru ghwdlov vhh Dsshqgl{ D161
D2 ,5 AiU?L*L})
Lq Vhfwlrqv 5 wkurxjk 7 wkh whfkqrorj| lv vhsdudeoh lq wkh wzr w|shv ri oderu1 Wklv
uhvwulfwlrq lv iru vlpsolflw|1 Lq wklv vhfwlrq/ L frqvlghu d pruh jhqhudo FHV whfkqrorj|=
\ @ ^+d   o  ,

. +d   o  ,

`


>
zkhuh  ? 4 ghwhuplqhv wkh hodvwlflw| ri vxevwlwxwlrq  @ 4@ +4 , dqg  5 ^3> 4` lv
d uhwxuqv0wr0vfdoh sdudphwhu1 Wklv vshflfdwlrq qhvwv wkh xvxdo frqvwdqw0uhwxuqv0wr0vfdoh
fdvh + @ 4, dqg wkh vshflfdwlrq iurp vhfwlrqv 5 wkurxjk 7 + @ ,1 Lq wklv vhwwlqj/ wkh
htxloleulxp zdjh iru xqvnloohg oderu lv jlyhq e|
z  @
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zkhuh        @




 


 

 
= Lq d frpshwlwlyh hfrqrp| zlwkrxw oderu pdunhw iulfwlrqv/ vnloo0
eldvhg idfwru dxjphqwlqj whfkqrorjlfdo fkdqjh +dv uhsuhvhqwhg e| dq lqfuhdvh lq d  @d  ,
ohdgv wr dq lqfuhdvh +uhvs1 ghfuhdvh, lq wkh uhodwlyh zdjh iru vnloohg oderu z  @z  li dqg
rqo| li wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq xqvnloohg dqg vnloohg oderu lv odujhu +uhvs1
vpdoohu, wkdq 41
  
Lq wkh hfrqrp| ghvfulehg lq wklv sdshu/ wkh uhodwlyh zdjh lv nhsw iurp
ixoo| dgmxvwlqj wr fkdqjhv lq uhodwlyh surgxfwlylw| dqg vnloo0eldvhg whfkqrorjlfdo fkdqjh
kdv wkh uhvshfwlyh hpsor|phqw hhfwv=
  
C +4 o
 

,
C +d  @d  ,
W 3  W 4
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Wkh fhqwudo dvvxpswlrq ri wkh prgho suhvhqwhg lq Vhfwlrq 5/ dv h{suhvvhg lq +8,/ lv wkdw
ehqhwv ru/ pruh jhqhudo/ wkh uhvhuydwlrq zdjh ri xqvnloohg zrunhuv ghshqg rq wkh dyhudjh
lqfrph1 Vlqfh rwkhu zrunhuv* zdjhv fdq eh revhuyhg pruh hdvlo| wkdq wkhlu wrwdo lqfrph/
lw pljkw krzhyhu eh dujxhg wkdw wkh zrunhuv* uhvhuydwlrq zdjh vkrxog eh d ixqfwlrq ri wkh
dyhudjh zdjh ohyho udwkhu wkdq wkh dyhudjh lqfrph ohyho1 Wklv uhdvrqlqj wdnhv lqwr dffrxqw
wkh dujxphqw wkdw zrunhuv frpsduh wkhlu zdjhv zlwk wkh zdjhv ri wkh rwkhu zrunhuv dv/
hj/ vwdwhg lq wkh _idlu zdjh0hruw k|srwkhvlv% e| Dnhuori dqg \hoohq +4<<3,1 Wkh| dujxh
wkdw zkdw d zrunhu frqvlghuv khu _idlu zdjh% dovr ghshqgv rq wkh zdjhv ri rwkhuqrw
qhfhvvdulo| htxdoo| txdolhgzrunhuv1
 
Lq wkh irupdo prgho/ wklv phdqv wkdw htxdwlrq
+8, lv uhsodfhg e| z @   +4 w, 
 

	



 
 
 1 Wkh uhvxowv iurp Vhfwlrqv 6 dqg 7 duh yluwxdoo|
xqdhfwhg1 Wkh h{lvwhqfh ri d xqltxh htxloleulxp dv zhoo dv wkh frpsdudwlyh vwdwlf uhvxowv
iurp Sursrvlwlrqv 4 wkurxjk 6 uhpdlq ydolg1
De Wt |i +itih@|L? @`}i @ 6?U|L? Lu |i wii* Lu i?i|tq hi
|i i?i|t @ 6?U|L? Lu |i ih@}i 5|@?_@h_ Lu w?}q
Wzr dvvxpswlrqv frqfhuqlqj wkh uhvhuydwlrq zdjh*v ghshqghqfh rq wkh dyhudjh vwdqgdug
ri olylqj duh pdgh lq Vhfwlrq 51 Wkhvh duh +l, wkdw wkh uhvhuydwlrq zdjh lv htxdo wr wkh
ohyho ri ehqhwv dqg +ll, wkdw wkh ohyho ri ehqhwv lv d ixqfwlrq ri wkh dyhudjh vwdqgdug
ri olylqj1 Rqh pljkw frqvlghu hlwkhu ri wkhp dv txlwh vwurqj dvvxpswlrqv1 Exw dv orqj
dv wkh zdjh iru xqvnloohg oderu ghshqgv rq vrph phdvxuh ri d uhvhuydwlrq zdjh2idoo0edfn
lqfrph wkdw lq wxuq lvdprqj rwkhuvlqxhqfhg e| wkh dyhudjh vwdqgdug ri olylqj/ wkh
pdlq frqfoxvlrqv uhpdlq ydolg1 z fdq eh lqwhusuhwhg dv dq| phdvxuh ri wkh uhvhuydwlrq
zdjh wkdw ghshqgv rq vrph phdvxuh ri wkh dyhudjh vwdqgdug ri olylqj1
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Lq idfw/ plqlpxp zdjhv duh riwhq lqgh{hg rq wkh dyhudjh zdjh1 Lilq dgglwlrqwkh
plqlpxp zdjh lv elqglqj/ wkh vdph ihhgedfn hhfwv duh lqgxfhg1
DD L4Ti||i @h!i| uLh N?t!**i_ w@MLh
Wkh suhylrxv vhfwlrqv uholhg rq wkh dvvxpswlrq wkdw wkh zdjh iru xqvnloohg oderu lv vhw e|
d oderu xqlrq zkloh wkh zdjh iru vnloohg oderu lv h{leoh dqg fohduv wkh pdunhw1 Lq vrph
Hxurshdq frxqwulhv/ krzhyhu/ zdjhv dw wkh yhu| erwwrp ri wkh zdjh glvwulexwlrq duh qrw
fryhuhg e| xqlrqv vr wkdw wkh pdunhw iru xqvnloohg oderu lv udwkhu frpshwlwlyh1 Lq wklv
vhfwlrq/ L dujxh wkdw p| uhvxowv duh urexvw zlwk uhvshfw wr wkhvh frqvlghudwlrqv1
Frqvlghu wkh iroorzlqjyhu| vlpsohprglhg yhuvlrq ri wkh hfrqrp| lq Vhfwlrq 51
Dvvxph wkh zrunirufh frqvlvwv ri d frqwlqxxp ri pdvv rqh ri khwhurjhqhrxv zrunhuv lq0
gh{hg e| l 5 ^3> 4`1
Wkh whfkqrorj| ri wkh up lv \ @
U  
  d    o

 
gl >zkhuh o   lv hpsor|phqw ri zrunhuv ri
vnloo w|sh l1
Dvvxph wkdw zdjhv iru doo vnloov eh shuihfwo| h{leoh vr wkdw oderu pdunhwv dw doo vnloo
ohyhov fohdu1 Dvvxph ixuwkhudv lq Vhfwlrq 5wkdw hdfk zrunhu lqhodvwlfdoo| vxssolhv rqh
xqlw ri oderu zkhqhyhu wkh survshfwlyh zdjh h{fhhgv wkh ohyho ri zhoiduh dlg1
Htxloleulxp zdjhv duh jlyhq e| z   @



 
@   d   1
 
Dvvxph wkdw/ lq rughu wr dyrlg sryhuw|/ wkh jryhuqphqw sd|v zhoiduh dlg wr wkrvh
zrunhuv zkrvh zdjh lv wrr orz wr qdqfh wkhlu olylqj1 Wkhvh ehqhwv duh qdqfhg e| dq
lqfrph wd{1 Iroorzlqj wkh frqvlghudwlrqv lq wkh lqwurgxfwlrq/ sryhuw| lv d uhodwlyh frqfhsw
dqg ehqhwv ghshqg rq wkh dyhudjh lqfrph ohyho z @   | @  
U  

d   gl / zkhuh  lv wkh
pdujlqdo zrunhu +ru vnloo w|sh, zkrvh pdujlqdo surgxfwlylw| lv h{dfwo| htxdo wr wkh ohyho
ri ehqhwv1
Iru zrunhuv zlwk w|shv kljkhu wkdq / zrunlqj sd|v1 Zrunhuv zlwk w|shv orzhu wkdq
 suhihu wr uhfhlyh vrfldo ehqhwv1  lv wkh pdujlqdo zrunhu zkr lv lqglhuhqw ehwzhhq
zrunlqj dqg xqhpsor|phqw1  lv lpsolflwo| jlyhq e| z  @ d   

@ z @  
U  

d   gl 1
Dvvxph iru vlpsolflw| wkdw d   eh xqlirupo| glvwulexwhg ryhu wkh lqwhuydo ^d

> d`1
  
Wkh
pdujlqdo zrunhu lv wkhq ghwhuplqhg e|
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Iurp wkh ghqlwlrq ri  iroorzv wkdw  lv htxdo wr wkh udwh ri xqhpsor|phqw1
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Dv lq Vhfwlrq 7/ L qrz dqdo|}h wkh hhfwv ri whfkqlfdo surjuhvv rq wkh ohyho ri xqhp0
sor|phqw1 Whfkqlfdo surjuhvv dhfwv wkh surgxfwlylwlhv ri wkh zrunhuv1 Wkh +xqlirup,
glvwulexwlrq ri vnloov lv ghwhuplqhg e| wkh xsshu dqg orzhu erxqgv d

dqg d1 D sursruwlrq0
dwh lqfuhdvh lq erwk lpsolhv wkdw wkh surgxfwlylwlhv ri doo zrunhuv lqfuhdvh dw wkh vdph udwh1
D pruh wkdq sursruwlrqdwh lqfuhdvh ri wkh xsshu erxqg d uhodwlyh wr wkh orzhu erxqg d

+lh
dq lqfuhdvh lq d@d

, lpsolhv wkdw surgxfwlylwlhv ri zrunhuv zlwk kljkhu vnloov lqfuhdvh idvwhu
wkdq surgxfwlylwlhv ri zrunhuv zlwk orzhu vnloov +lh d   @d  lqfuhdvhv iru dq| sdlu l A m,1
Lw lv vwudljkwiruzdug wr vkrz wkdw xqhpsor|phqw ghfuhdvhv zlwk dq lqfuhdvh lq d

+wklv
lv wkh htxlydohqw wr Sursrvlwlrq 4 dqg lqfuhdvhv zlwk dq lqfuhdvh lq d= Wklv lv wkh dqdorjxh
wr Sursrvlwlrq 51
Pruh jhqhudoo|/ xqhpsor|phqw lqfuhdvhv li dqg rqo| li d@d

lqfuhdvhv1 Wklv qglqj
fruuhvsrqgv gluhfwo| wr wkh uhvxow lq Sursrvlwlrq 61
Wkxv/ dv lq Vhfwlrq 7/ zkhqhyhu whfkqlfdo surjuhvv lv vnloo0eldvhg/ idyrulqj wkh surgxfl0
wlylwlhv ri wkh uhodwlyho| pruh vnloohg/ xqhpsor|phqw lqfuhdvhv1
Wklv h{dpsoh looxvwudwhv wkdw wkh uhvxowv rewdlqhg lq Vhfwlrq 7 gr qrw ghshqg rq wkh
vshflfdwlrq ri wkh zdjh ghwhuplqdwlrq1 Lq idfw/ hyhq zlwk shuihfwo| frpshwlwlyh oderu
pdunhwv/ +yroxqwdu|, xqhpsor|phqw fdq lqfuhdvh lq wkh idfh ri whfkqlfdo fkdqjh1 Doo wkdw
lv uhtxluhg lv wkdw wkh zrunhu*v uhvhuydwlrq zdjh +vrfldo ehqhwv lq wklv h{dpsoh, lv olqnhg
wr wkh dyhudjh lqfrph ohyho dqg wkdw whfkqlfdo fkdqjh lv vnloo0eldvhg1
  
S 544@h) @?_ L?U*tL?
Lq wklv sdshu/ L vwxg| wkh hpsor|phqw hhfwv ri vnloo0eldvhg whfkqrorjlfdo fkdqjh zkhq
ehqhwv duh olqnhg wr shu0fdslwd lqfrph1 Wklv olqn wr shu0fdslwd lqfrph lqwurgxfhv d wlh
ehwzhhq wkh zdjhv iru glhuhqw vnloov1
Vwdqgdug Xqlrq Prghov
Lq vwdqgdug prghov ri xqlrq zdjh vhwwlqj/ zdjhvhvshfldoo| dw wkh orzhu hqg ri wkh
zdjh glvwulexwlrqghshqg rq wkh ohyho ri xqhpsor|phqw ru vrfldo vhfxulw| ehqhwv +zklfk
frqvwlwxwh wkh zrunhuv* uhvhuydwlrq zdjh,1 Dv d frqvhtxhqfh/ wkhvh zdjhv duh grzqzdugo|
uljlg1 Wklv uljlglw| fdxvhv xqhpsor|phqw zkhq surgxfwlylw| idoov dqg zdjhv gr qrw dgmxvw
vxflhqwo|1
Lqgh{lqj Ehqhwv wr Shu Fdslwd Lqfrph= Wkh Zdjh iru Xqvnloohg Oderu lv Wrr
Uljlg Dqg Ryhuo| Vhqvlwlyh
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Wkh lqwhughshqghqfh ehwzhhq zdjhv dqg ehqhwv |lhogv dq doorfdwlrq zkhuh wkh zdjh
iru xqvnloohg oderu ghshqgv srvlwlyho| rq wkh zdjh iru vnloohg oderu zkloh wkh odwwhu dgmxvwv
wr fohdu wkh pdunhw iru vnloohg oderu1 Wkh rewdlqhg zdjh uljlglw| lv d uljlglw| lq wkh uhodwlrq
ehwzhhq wkh zdjhv iru xqvnloohg dqg vnloohg oderu1 Wkh zdjh iru xqvnloohg oderu lv wrr uljlg
zlwk uhvshfw wr wkh xqvnloohg zrunhuv* surgxfwlylw| dqg lw lv ryhuo| vhqvlwlyh wr fkdqjhv lq
wkh vnloohg zrunhuv* surgxfwlylw|1
Vnloo0Eldvhg Whfkqlfdo Fkdqjh Ohdgv wr Lqfuhdvlqj Xqhpsor|phqw
Lidv d uhvxow ri vnloo0eldvhg whfkqrorjlfdo fkdqjhwkh surgxfwlylw| ri wkh vnloohg zrun0
huv ulvhv idvwhu wkdq wkdw ri wkh xqvnloohg zrunhuv/ wkh zdjh ri wkh odwwhu lqfuhdvhv e| pruh
wkdq zrxog eh mxvwlhg e| wkhlu surgxfwlylw| jdlqv +ehfdxvh lw lv olqnhg wr wkh vnloohg zrun0
huv* zdjh yld wkh ehqhwv,1 Dv d uhvxow/ hpsor|phqw ri xqvnloohg oderu idoov1 Wkh pdwwhu
ri frqfhuq khuh lv qrw wkdw wkh +xqvnloohg zrunhuv*, zdjh idoov wrr olwwohdv lq vwdqgdug
xqlrq prghovexw wkdw lw ulvhv wrr pxfk1
Dffrugdqfh zlwk Hpslulfdo Hylghqfh
Wkh qglqjv ri wklv sdshu duh frqvlvwhqw zlwk wkh hyroxwlrq ri zdjhv dqg hpsor|phqw
ri xqvnloohg zrunhuv lq Hxursh ryhu wkh sdvw ghfdghv1 Zdjhv iru doo vnloo ohyhov kdyh ulvhq
vwhdglo| ryhu wklv shulrg dqg/ e| dqg odujh/ wkh hpsor|phqw survshfwv ri wkh ohvv vnloohg
zrunhuv kdyh ghwhulrudwhg1
_Wkh Hxurshdq Xqhpsor|phqw Sureohp dqg wkh XV Lqhtxdolw| Sureohp duh
Wzr Vlghv ri wkh Vdph Frlq%
 
Whfkqlfdo fkdqjh dhfwv hpsor|phqw rqo| li +l, lw lv _vnloo0eldvhg% dqg +ll, wkh xqvnloohg
zrunhuv*v zdjh lv vrphkrz olqnhg wr wkh vnloohg zrunhu*v zdjh1 Li rqh ri wkhvh wzr frqgl0
wlrqv lv qrw phw/ whfkqlfdo fkdqjh rqo| dhfwv zdjhv/ ohdylqj hpsor|phqw xqfkdqjhg1
Wklv uhvxow lv frqvlvwhqw zlwk wkh frpprq ylhz wkdw lw lv wkh vdph idfwruv wkdw errvw
zdjh lqhtxdolw| lq wkh X1V1 dqg wkh XN dqg uhvxow lq kljkhu xqhpsor|phqw lq +frqwlqhqwdo,
Hxursh1 Lq d prgho lq zklfk wkh zhoiduh v|vwhp lv ohvv jhqhurxv dqg zdjhv duh wr d
juhdwhu h{whqw pdunhw0ghwhuplqhgwkh doohjhg ihdwxuhv ri XV oderu pdunhwvvnloo0eldvhg
whfkqlfdo fkdqjh ohdgv wr dq lqfuhdvh lq zdjh lqhtxdolw|1
Hpsor|phqw Hhfwv ri _Joredol}dwlrq%
Lqfuhdvlqj wudgh zlwk orz zdjh frxqwulhv kdv ehhq flwhg dv d vhfrqg _fxosulw% ri wkh
ulvh lq zdjh lqhtxdolw| lq wkh Xqlwhg Vwdwhv1 Lq idfw/ lq d wzr0vhfwru yhuvlrq ri wklv prgho/
lw fdq eh vkrzq wkdw lqfuhdvlqj wudgh zlwk orz zdjh frxqwulhv +dv prghohg e| d ghfuhdvh
lq wkh uhodwlyh sulfh ri wkh lpsruw jrrgzkrvh surgxfwlrq lv dvvxphg wr eh lqwhqvlyh
lq wkh xvh ri xqvnloohg oderu, kdv h{dfwo| wkh vdph hhfw rq zdjhv dqg hpsor|phqw dv
vnloohg eldvhg whfkqlfdo fkdqjh1 Lqfuhdvlqj wudgh zlwk orz zdjh frxqwulhv dovr ohdgv wr
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d +grzqzdug, vkliw lq wkh uhodwlyh ghpdqg iru xqvnloohg oderu1 Dv wkh uhodwlyh zdjh iru
xqvnloohg oderu grhv qrw ixoo| dgmxvw/ hpsor|phqw ri xqvnloohg oderu idoov1
Srolf| Lpsolfdwlrqv
Wkh qglqjv lq wklv sdshu kdyh qrwhzruwk| srolf| lpsolfdwlrqv1 Dq| lqfuhdvh lq wkh
uhodwlyh surgxfwlylw| +ru pruh jhqhudo lq wkh uhodwlyh _pdunhw ydoxh%, ri vnloohg zrunhuv
ohdgv wr d kljkhu udwh ri xqhpsor|phqw lq wklv prghohyhq li wkh devroxwh surgxfwlylw| ri
xqvnloohg zrunhuv lqfuhdvhv dv zhoo/ exw ohvv wkdq sursruwlrqdwho|1 Hgxfdwlrq srolf| vkrxog
wkhuhiruh dlp dw lpsurylqj wkh vnloov ri xqvnloohg zrunhuv uhodwlyh wr wkrvh ri wkh vnloohg1
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D1414 Wkh Olqn Ehwzhhq Ehqhwv dqg Shu Fdslwd Lqfrph
Wkh wzr fhqwudo dvvxpswlrqv lq wklv sdshu duh/ wkdw +l, ehqhwv duh olqnhg wr shu0fdslwd
lqfrph dqg +ll, ehqhwv frqvwlwxwh wkh idoo0edfn lqfrph iru xqvnloohg zrunhuv1 Zkloh wkh
odwwhu dvvxpswlrq lv txlwh frpprq/ wkh uvw ghvhuyhv vrph pruh hpslulfdo vxssruw1
Dq lpsolfdwlrq ri wkh olqn ehwzhhq ehqhwv dqg shu0fdslwd lqfrph lv wkdw vnloo0eldvhg
whfkqrorjlfdo fkdqjhru zkdw hyhu hovh whqgv wr errvw zdjh glvshuvlrq +hj/ lqfuhdvhg
frpshwlwlrq iurp orz zdjh hfrqrplhv,vkrxog oliw xs wkh uhsodfhphqw udwlrv iru xqvnloohg
zrunhuv1 Wkh uhsodfhphqw udwlr iru xqvnloohg zrunhuv vkrxog wkxv eh srvlwlyho| fruuhodwhg
zlwk wkh vnloo0suhplxp1 Lq rughu wr dyrlg sureohpv zlwk qrq0vwdwlrqdulw|/ L uhjuhvvhg
uvw glhuhqfhv ri wkh uhsodfhphqw udwlr/  + z   @z    , @ z   @z     z     @z      / rq uvw
glhuhqfhv ri wkh vnloo0suhplxp/ +z     @z    , @ z     @z     z       @z      iru Jhupdq|/
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w0vwdwlvwlfv duh jlyhq lq sduhqwkhvhv1 Wkh qxoo k|srwkhvlv wkdw fkdqjhv lq wkh vnloo0suhplxp
kdyh qr hhfw rq fkdqjhv lq wkh uhsodfhphqw udwlr lv hdvlo| uhmhfwhg dw wkh 4 shu fhqw
vljqlfdqfh ohyho1 Wklv slhfh ri hylghqfh fruurerudwhv wkh dvvxpswlrq wkdw wkh ohyho ri
ehqhwv ghshqgv qrw rqo| rq zdjhv rq wkh orzhu hqg ri wkh zdjh glvwulexwlrq exw dovr rq
kljk0vnloo zdjhv1
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D1415 Ghvfulswlyh Hylghqfh wr Sursrvlwlrq 6
Dqrwkhu lpsolfdwlrq ri wkh prgho lv wkdw zkdwhyhu whqgv wr errvw zdjh glvshuvlrq +eh
lw vnloo0eldvhg whfkqrorjlfdo fkdqjh ru lqfuhdvhg frpshwlwlrq iurp orz zdjh hfrqrplhv,
ohdgv wr kljkhu xqhpsor|phqw ehfdxvh wkh uhodwlyh zdjh fdqqrw ixoo| dgmxvw wr fkdqjhv lq
uhodwlyh oderu ghpdqg1 Wkh xqhpsor|phqw udwh vkrxog wkxv eh srvlwlyho| fruuhodwhg zlwk
wkh vnloo0suhplxp1 D uhjuhvvlrq ri wkh xqhpsor|phqw udwh x   rq wkh vnloo suhplxp +erwk
lq uvw glhuhqfhv, iru Jhupdq|/ 4<94 0 4<<8 |lhogv=
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zkhuh w0vwdwlvwlfv duh jlyhq lq sduhqwkhvhv1
 
Wkh hhfw ri fkdqjhv lq wkh vnloo suhplxp
rq wkh xqhpsor|phqw udwh lv kljko| vljqlfdqw1 Wklv vxevwdqwldwhv wkh wkhruhwlfdo uhvxow
lq Sursrvlwlrq 61
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Frqvlghu wkh iroorzlqj jdph= Wkh xqlrq dqg wkh up edujdlq dffruglqj wr wkh dowhuqdwlqj0
rhuv surfhgxuh1 Li wkh sduwlhv uhdfk djuhhphqw rq z  dw wlph w  7/ wkhq wkh xqlrq*v
^uhvshfwlyho| wkh up*v` sd|r lv
X +z  ,  h


 	
 



^uhvshfwlyho|  +z  ,  h


 
 



`/ +4;,
zkhuh X +z  , dqg  +z  , duh jlyhq e| +:, dqg +5, uhvshfwlyho|/ 7 lv wkh wlph vsdq ehwzhhq
wzr vxffhvvlyh rhuv/ dqg 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dqg  
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duh wkh xqlrq*v dqg wkh up*v glvfrxqw udwhv1
Lpphgldwho| diwhu dq| sduw| uhmhfwv dq| rhu dw dq| wlph/ zlwk vrph suredelolw|/ wkh qhjr0
wldwlrqv euhdn grzq lq glvdjuhhphqw/ dqg zlwk wkh frpsohphqwdu| suredelolw|/ wkh jdph
surfhhgv wr wlph +w. 4, 7 dqg wkh sduw| pdnhv lwv frxqwhurhu1 Wkh xqlrq ^uhvshfwlyho|
wkh up` eholhyhv wkh suredelolw| ri euhdngrzq wr eh
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Wkh sd|rv lq wkh fdvh ri euhdngrzq dw wlph w  7 duh
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zkhuh X   dqg    duh jlyhq e| +49, dqg +4:, uhvshfwlyho|1
Lq wkh olplw dv wkh wlph ehwzhhq wzr rhuv vkulqnv wr }hur +7$ 3,/ wkh xqltxh vxejdph
shuihfw htxloleulxp wr wklv jdph frqyhujhv wr wkh vroxwlrq ri wkh iroorzlqj pd{lpl}dwlrq
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Li wkh sduwlhv* glvfrxqw udwhv +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, duh vxflhqwo| vpdoo uhodwlyh wr wkhlu
eholhiv ri wkh euhdngrzq suredelolwlhv +  dqg   ff ,/ wklv pd{lpl}dwlrq sureohp lv
dssur{lpdwho| htxlydohqw wr wkh rqh vwdwhg lq +48,1
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Vxevhfwlrq 814 frqvlghuv wkh fdvh zkhuh wkh zdjh lv ghwhuplqhg lq qhjrwldwlrqv ehwzhhq
wkh xqlrq dqg upv1 Wkh rxwfrph ri wkh qhjrwldwlrq lv prghohg dv wkh jhqhudo Qdvk
Edujdlqlqj vroxwlrq dqg lv jlyhq e|=
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Frpsdudwlyh vwdwlfv zlwk uhvshfw wr wkh surgxfwlylw| sdudphwhuv |lhog=
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Dq lqfuhdvh lq wkh xqvnloohg zrunhuv surgxfwlylw| d  ohdgv wr dq lqfuhdvh lq erwk hpsor|0
phqw ri dqg zdjhv iru xqvnloohg oderu1 Wklv uhvxow fruuhvsrqgv wr Sursrvlwlrq 41
Dq lqfuhdvh lq wkh vnloohg zrunhuv surgxfwlylw| d  ohdgv wr dq lqfuhdvh lq wkh zdjh
iru xqvnloohg oderu dqg d ghfuhdvh lq xqvnloohg hpsor|phqw1 Wklv uhvxow fruuhvsrqgv wr
Sursrvlwlrq 51
Vnloo0eldvhg whfkqrorjlfdo fkdqjh +dq lqfuhdvh lq d  @d  , ohdgv wr d ghfuhdvh lq hpsor|0
phqw1 Wklv uhvxow fruuhvsrqgv wr Sursrvlwlrq 61
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Vxevhfwlrq 815 frqvlghuv wkh fdvh zkhuh wkh up*v whfkqrorj| lv ri wkh pruh jhqhudo FHV
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Hpsor|phqw hhfwv ri vnloo0eldvhg whfkqrorjlfdo fkdqjh duh jlyhq e|=
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= Vnloo0eldvhg whfkqrorjlfdo fkdqjh kdv dgyhuvh hpsor|phqw hhfwv li wkh
hodvwlflw| ri vxevwlwxwlrq ehwzhhq xqvnloohg dqg vnloohg oderu lv odujhu wkdq 4= Li xqvnloohg
dqg vnloohg oderu duh frpsohphqwv + ? 3,/ hpsor|phqw lqfuhdvhv lq wkh suhvhqfh ri vnloo0
eldvhg whfkqrorjlfdo fkdqjh1
Surri1 D vxflhqw frqglwlrq iru wkh deryh lqhtxdolw| wr krog lv wkdw wkh qxphudwru
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